Cisplatin combination chemotherapy yields a 60-80% cure rate in metastatic nonseminomatous germ cell tumours (NSGCT) of the testis (Peckham, 1988; Stoter et al., 1989; Einhorn, 1990 (Peckham 1988; Einhorn, 1990) . After completion of induction chemotherapy, the size of metastases was determined on CT scan. If residual masses were detected (> 1 cm). resection was planned, provided that tumour markers were normal. If tumour markers remained elevated, additional chemotherapy was usually given until normalisation of tumour markers, and subsequent resection was performed of residual masses (n = 5). In 99 patients residual masses were resected. Excluded were the following patients to prevent prognostic inhomogeneity: patients not treated according to standard protocol (e.g. treated with radiotherapy before induction chemotherapy) (n = 7); patients with extragonadal tumours (n = 3); patients who were operated while tumour markers were above normal (n = 3). After this selection 86 patients were studied.
Cisplatin combination chemotherapy yields a 60-80% cure rate in metastatic nonseminomatous germ cell tumours (NSGCT) of the testis (Peckham, 1988; Stoter et al., 1989; Einhorn, 1990) . If residual masses are detected after chemotherapy, surgical resection is usually performed (Donohue & Rowland, 1984) , although no general agreement exists whether all patients should be operated on (Levitt et al., 1985; Donohue et al., 1987; Fossa et al., 1992) . Additional chemotherapy is usually given if viable cancer cells are present in the resected specimens, to kill remaining microscopic disease (Donohue & Rowland, 1984) . It has been suggested that the type of additional chemotherapy should preferably be a salvage regimen, rather than two further cycles of the initial chemotherapy (Toner et al., 1990) .
The goal of this study was to analyse the prognosis of patients after resection of residual masses detected on CT scan, while tumour markers were normal. Study parameters were relapse of tumour and survival. Putative prognostic factors included patient's age, the primary histology, prechemotherapy level of the tumour markers AFP and HCG, the extent of disease (lymph nodes, lung and hepatic metastases) before and after chemotherapy, the histology of the resected material and the completeness of the surgical procedure. First, we investigated which factors univariately affected prognosis. Further, we analysed multivariately whether information obtained at resection (completeness and histology) influenced the prognosis of the patients. Finally, we tried to identify which factors were most important in predicting relapse, combining all factors known after resection.
Patients and methods

Patients studied
We reviewed the charts of 210 consecutive patients with first presentation of metastatic nonseminomatous testicular cancer or seminoma with elevated tumour markers, referred to three Dutch cancer centres. The patients were treated between July 1980 and June 1991, most of them in randomised trials of the EORTC. Treatment consisted of cisplatin combination chemotherapy (Peckham 1988; Einhorn, 1990) . After completion of induction chemotherapy, the size of metastases was determined on CT scan. If residual masses were detected (> 1 cm). resection was planned, provided that tumour markers were normal. If tumour markers remained elevated, additional chemotherapy was usually given until normalisation of tumour markers, and subsequent resection was performed of residual masses (n = 5). In 99 patients residual masses were resected. Excluded were the following patients to prevent prognostic inhomogeneity: patients not treated according to standard protocol (e.g. treated with radiotherapy before induction chemotherapy) (n = 7); patients with extragonadal tumours (n = 3); patients who were operated while tumour markers were above normal (n = 3). After this selection 86 patients were studied.
Patient data
All patient data were updated until October 1991. The histological diagnosis of the original testicular cancer was made in the participating hospitals and was reviewed for patients in EORTC trials. In the analysis, the British classification (Pugh, 1976) , was used. The disease was staged according to the Royal Marsden Hospital classification (Peckham, 1988) . Further, the maximum transverse diameter of abdominal masses, the maximum transverse diameter of pulmonary tumour nodules, and the number of lung metastases were determined on computed tomographic (CT) scan before and after chemotherapy. The highest serum levels of AFP (ng ml-I) and HCG (IU 1') prior to chemotherapy were recorded. The type and number of chemotherapy regimens were registered, before and after resection, as well as the completeness of resection as noted by the surgeon, and the type of histology in the resected material. The data were divided in three groups of potential prognostic facors:factors known at the start of cytostatic treatment ('prechemotherapy factors'), factors known after chemotherapy but before resection ('postchemotherapy fac-tors') and factors known only after resection of the residual mass ('resection factors'). Table I gives the characteristics of the patient population. For each participating centre the number of patients in this study and the period of accrual is presented. Median age of the patients was 26.5 years. The primary histology of the testicular cancer was predominantly MTI (teratocarcinoma, 48%) and MTU (embryonal carcinoma, 42%). Abdominal metastases were present in 80 patients (93%), mediastinal metastases in four (5%), supraclavicular metastases in eight patients (9%), and lung metastases in 43 (50%), of whom ten patients had a largest diameter > 3 cm and seven had > 20 lung metastases. Hepatic metastases were observed in seven patients (8%), and a metastatic inguinal node in one patient. AFP serum values were elevated (> 16 ng ml-') in 63 patients, and higher than 1000 ng ml' in 17 patients. HCG serum values were elevated (>4 IU 1`) in 60 patients with ten over 10,000 IU 1-'. Standard chemotherapy changed during the last decade from PVB to BEP or EP, alternating PVB/BEP and more recently alternating to BOP/VIP regimens. After chemotherapy, a laparotomy was performed in the majority of the patients in the study group (63 laparotomy only, 12 laparotomy and thoracotomy). The procedure was a radical retroperitoneal lymph node dissection (Table II) and the endpoint (Kaplan & Meier, 1958) , and groups were compared by the log-rank test (Mantel, 1966) . Cox regression (Cox, 1972) was applied to model the simultaneous effect of several variables. Significance for entry of variables was calculated from a Likelihood Ratio (LR) statistic. The additional prognostic influence of resection factors (histology, completeness) was assessed by including these factors in Cox regression models which already contained pre-and post-chemotherapy factors. To identify the variables that have the most important effect on relapse, a forward stepwise selection method was used, with P<0.05 as an entry criterion. The Hazard Ratios (HR) provided by these models may be interpreted as relative risks. Continuous data from completely and incom- pletely resected patients were compared by the MannWhitney test, which is the non-parametric equivalent of the classical t-test.
Patient characteristics
Results
Relapse and survival Overall survival is shown in Figure 1 . Two patients died shortly after operation, accounting for a 2.3% operation mortality. One patient suffered from bleomycin toxicity, the other had postoperative cardiac problems, and both had mature teratoma resected. Two years after resection 91.4% of the patients were still alive (86.9% alive without relapse, 4.5% alive after relapse). After 5 years 87.2% were alive:85.4% and 1.8% without and after relapse, respectively. Survival after relapse of the 11 patients who relapsed after resection is depicted in Figure 2 . Seven patients have died (median 14.6 months after relapse). If the relapse occurred early (within 2 months), subsequent survival appeared poor (P = 0.042, log-rank test). Figure 3 shows the relapse free Kaplan-Meier plot of all 86 patients. The 5 year relapse free percentage (5y-RF%) was 87.4%, with a 95% confidence interval (95%-Cl) ranging from 78% to 93%. Most relapses (9/11) occurred within 12 months. One patient relapsed after 26 months. One late relapse occurred after 123 months, while only two patients were still at risk at that time (not displayed in Figure 1 (Table IV) , the completeness of resection (P = 0.004) and prechemotherapy HCG level (P = 0.006) appeared to be the most important predictors of relapse. The Hazard Ratios were 8.8 and 7.9 respectively. The third variable that entered the model was the presence of residual lung metastases without abdominal metastases (HR = 6.8, P = 0.02). At step 3, neither the postchemotherapy size of lung metastases (< 1 cm or > 1 cm) nor the number of prechemotherapy lung metastases (s<3, 4-19, > 20) improved the model significantly (P = 0.15 and P = 0.34 respectively, Likelihood Ratio test).
We used the first two factors from the stepwise selection procedure to define a simple prognostic classification. A good and a poor prognosis group were distinguished based on the prechemotherapy level of HCG and the completeness of resection (Figure 4) . The good prognosis group was defined by prechemotherapy HCG values under 10,000 IU 1-1 and a Figure 4 Relapse after resection, stratified for prechemotherapy HCG level and completeness of resection. Good risk patients had HCG <10,000 IU 1' and a complete resection. Poor risk patients had HCG levels > 10,000 IU 1-', incomplete resection, or both (P<0.001, log-rank test).
complete resection, and had an estimated 5y-RF% of 95% (95%-C1:85%-98%). The majority of patients in this study (69/86 = 80%) had this very favourable prognosis. The poor prognosis group was formed by patients with HCG > 10,000 IU I`and complete resection (5y-RF%:65%), patients with HCG <10,000 IU 1`and incomplete resection (5y-RF% 57%) and patients with both HCG > 10,000 IU 1-' and incomplete resection (relapsed: 1/1). This poor prognosis group of 17 patients had a 5y-RF% of 58% (95%-C1:31%-77%).
Discussion
This paper describes the prognosis of 86 patients with NSGCT of the testis, who underwent resection of residual masses after chemotherapy, while tumour markers were normal. Residual masses had a minimum size of 1 cm. These 86 patients make up 41 % of the total group of 210 patients who received chemotherapy during the study period of approximately 11 years. Viable cancer cells were found in 16 patients (19%). A recent review (Fossa et al., 1992) showed that the percentage of resected specimens containing viable cancer cells is around 20%, and this percentage was also found in some other recent publications (Dearnaley et al., 1991; Jansen et al., 1991; Mead et al., 1992) and in our series. However, the fraction of resected patients varies widely between these studies, e.g. from around 20% (Tait et al., 1984; Mead et al., 1992) to over 85% (Mulders et al., 1990; Aass et al., 1991) . The wide variation in the fraction of patients in whom it was deemed necessary to undergo resection may partly be explained by the heterogeneity of the patient groups, but also reflects the lack of agreement on the selection criteria for surgery after chemotherapy. For instance, there is disagreement in the definition of a postchemotherapy normal CT scan, varying from 'absolutely normal' (Fossa et al., 1992) to smaller than 2 cm (Newlands & Reynolds, 1989; Mead et al., 1992) . Further, it has been advocated to perform a laparotomy in any patient with initial abdominal lymph nodes > 3 cm, even of no pathologic mass could be detected on postchemotherapy CT scan (Toner et al., 1990) . Thus, the fraction of resected patients was as high as 51 % (Toner et al., 1990) or, when resection was performed in practically all patients with 'absolutely normal' CT scans:86% (Aass et al., 1991) . Large European studies reported 31% (Dearnaley et al., 1991) and 20% (Mead et al., 1992) , reflecting the policy to resect CT-detectable residual masses only if these exceed an arbitrarily chosen size. Further, subsets of patients have been defined (Donohue et al., 1987; Fossa et al., 1992) , for whom the mortality and morbidity of resection may not be balanced by the small risk of leaving tumour unresected.
Our analysis of prognostic factors for relapse after resection showed (Table III) that significant prechemotherapy factors were the size (> 3 cm) and number of lung metastases. Although the cut off point for the prechemotherapy number of lung metastases at > 20 is applied rather sharply in clinical practice, it is obvious that the change in prognosis has a more gradual course; we found that a more accurate categorisation of the number of lung metastases is in three groups ( 3, 4-19, > 20) . Also, the initial serum value of the tumour marker HCG () 10,000 IU 11) has major prognostic impact. These factors were also found in other studies to predict relapse (Peckham, 1988; Stoter et al., 1989; Stoter et al., 1990; Bajorin et al., 1991; Mead et al., 1992) , or to predict a complete clinical response after initial chemotherapy (Stoter et al., 1990; Bajorin et al., 1991) . Postchemotherapy adverse prognostic factors were the size (> 1 cm) of lung metastases, or the presence of any residual lung metastasis without detectable residual abdominal lymph metastases. Thus, the most important factors after chemotherapy and before resection, were the level of HCG and the extent of lung metastases.
The influence of the resection factors (completeness and histology) was studied in detail. Incompletely resected patients had a poor prognosis (5y-RF%:50%), as was found in other studies (Tait et al., 1984; Harding et al., 1989; Jansen et al., 1991) . (Harding et al., 1989) , but in contrast with the observations in several other studies (Tait et al., 1984; Geller et al., 1989; Jansen et al., 1991; Mead et al., 1992) . The observation in our study may be explained by lack of power to detect an existing difference due to the relatively low number of relapses. A more interesting explanation is that the additional treatment after resection has been more effective than in other studies in controlling remaining microscopic disease, since a salvage chemotherapy regimen was used rather than two further cycles of the initial chemotherapy in ten of the 16 patients with viable cancer cells resected. The other six patients received two further cycles of the initial regimen (n = 4), radiation therapy after eight courses of chemotherapy before resection (n = 1), or no further treatment of a mesenchymal tumour (n = 1). This observation supports the recommendation to change the chemotherapy regimen after resection (Toner et al., 1990) .
The question rises whether incompletely resected patients might also benefit from a salvage regimen immediately after resection, even when no viable cancer cells are found in the resected material. The following observation suggests that benefit of additional chemotherapy might be obtained in these patients: six of the eight incompletely resected patients had no residual malignancy diagnosed (one necrosis, five mature teratoma). Five of these did not receive any additional chemotherapy after resection, and four relapsed. The other three patients received additional chemotherapy (one mature teratoma and two viable cancer cells resected) and only one relapsed, after 123 months.
According to our simple prognostic model (Figure 4 ), a poor prognosis is expected in patients with prechemotherapy HCG values over 10,000 IU I`or an incomplete resection.
The poor progrnosis of patients with a high prechemotherapy level of HCG is already being recognised by a number of treatment groups (Stoter et al., 1990; Bajorin et al., 1991; Mead et al., 1992) , and these patients are candidates to receive more intensive induction chemotherapy. Improvement of the prognosis of incompletely resected patients might be obtained by the administration of salvage chemotherapy after resection, although further research has to confirm this. The use of a salvage regimen after resection rather than two further cycles of the same chemotherapy is also subject to further investigation as well as more detailed recommendations for the selection of patients who would benefit from surgical resection.
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